ABSTRACT: The effect of diets with different levels of partly destoned exhausted olive cake (PDEOC) on growth performance and carcass traits of Gentile di Puglia breed lambs was studied. Sixty lambs (16.5 ± 0.5 kg) at weaning were randomly allocated to 3 isocaloric and isonitrogenous diets for 50 d. Pelleted total mixed rations (TMR) were formulated to provide olive by-product at 3 different levels: 1) a control diet without olive by-product (PDEOC-0), 2) an experimental corn-based diet containing 10% by-product (PDEOC-10) replacing part of the oat hay and sunfl ower meal, and 3) an experimental corn-based diet containing 20% PDEOC (PDEOC-20) replacing part of the oat hay and soybean meal. To evaluate in vivo digestibility of the diets, adult rams (n = 3) were placed in metabolic cages, their individual feces and urine were collected, and differences were observed for DM and fi ber fractions. Results from the growth trial of the lambs showed that performance was infl uenced by olive by-product inclusion in diet (P < 0.05). At the end of the feeding period, lambs were slaughtered, and none of the variables studied were infl uenced by dietary treatment except for cold carcass dressing (P = 0.027) and half-carcass weight (P = 0.019), which were improved in lambs fed the PDEOC-20 diet. As a result, the current study confi rms that olive by-product can be used in lamb fi nishing rations, resulting in a valuable ingredient as replacement for conventional feeds, which could reduce feeding costs because of the lower cost of the olive by-product. Use of olive by-products as animal feed may become economically feasible for producers where the olive oil industries play an important economic role.
INTRODUCTION
In recent years, use of agroindustrial by-products in animal nutrition has been successfully adopted as a strategy to reduce feeding costs and to cope with the need to recycle waste material, which is costly to dispose of (Vasta et al., 2008) . The olive (Olea europaea) and olive oil industries play important economic and social roles in Mediterranean countries (Molina-Alcaide and Nefzaoui, 1996) . The extraction process has a large environmental impact due to the production of polluted waste water and solid residue, depending on olive oil extraction or table olive process (Al-Masri, 2005) . Residual olive cake contains substantial amounts of oil that can or cannot be further extracted. It can be centrifuged to remove some crushed stones, resulting in partly destoned exhausted olive cake (PDEOC; Sansoucy et al., 1984; Servili et al., 2007) . The exhausted olive cake is a dry material (90% to 92% DM) composed of ground olive stones and pulp. This by-product has high lignin (28% to 32% DM), cellulose (9% to 13% DM), and hemicellulose (13% to 17% DM) contents (Sadeghi et al., 2009) . Different ways to include olive by-products in animal diet have been described, varying from feeding it fresh to ensiled, dried, or as a concentrate component (Molina-Alcaide and Yañez-Ruiz, 2008) . Many studies have evaluated the use of olive by-products as feed for ruminants (Ben Salem et al., 2003; Martín García et al., 2003; Owaimer et al., 2004) , but contradictory and unclear results have been reported. In fact, the use of by-products for ruminant feeding is limited because of the high nutritional variability and low digestibility (Al-Masri, 2005; Weinberg et al., 2008) . However, little information is available on the effects of PDEOC on lamb growth responses and meat quality. Therefore, the objective of the present study was to evaluate an alternative feeding strategy for lamb (Ovis aries) producers by comparing the feeding value of diets containing PDEOC to assess their effect on lamb performance.
MATERIALS AND METHODS
The studies performed on animals followed the guidelines of the Italian government (directive 91/629/EEC, received in Italy by D.L. 533/92 and modifi ed by D.L. 331/98).
Dietary Treatments
Three pelleted total mixed rations (TMR) meeting the nutritional growth requirements of lambs (NRC, 2007) were formulated to be isocaloric and isonitrogenous. The dietary treatments were 1) a control diet containing corn (Zea mays) as the main ingredient (PDEOC-0), 2) an experimental corn-based diet containing 10% PDEOC (PDEOC-10) replacing part of the oat (Avena sativa) hay and sunfl ower (Helianthus annus) meal, and 3) an experimental corn-based diet containing 20% PDEOC (PDEOC-20) replacing part of the oat hay and soybean (Glycine max) meal (Table 1) . The diets were formulated to contain on average 170 g/kg of CP and 11.5 MJ/kg DM of ME estimated from NRC (2007) using feed analysis for each treatment. The PDEOC was obtained from an olive press factory near the experimental site. Chemical and nutritional composition of the olive by-product used in the trial is reported in Table 2 . Forage in TMR (oat hay) was chopped by grinding to 25 mm length; then forages were mixed to concentrate and steam pelleted (8 mm diameter) to preserve the integrity of the fi brous components to reduce differences in physical form and to prevent feed selection by lambs (Tufarelli et al., 2009 ).
Growth Trial
All lambs were vaccinated against clostridial diseases and treated for internal parasites before starting the trial.
A total of 60 Gentile di Puglia breed male lambs (initial BW = 16.5 ± 0.51 kg) at weaning (40 ± 3.2 d of age) were randomly assigned (20 lambs/treatment) to the control and experimental diets. Lambs were housed in individual pens (1.7 × 0.95 m) and were initially fed 500 g/d (as-fed basis) per head of their allocated TMR, increasing to 3.5% of live BW (NRC, 2007) . After an adaptation period of 10 d, the growth trial was started and lasted 50 d. The TMR were supplied to lambs in 2 equal meals. Rationed feeding was used to avoid excessive DMI by animals, which in previous experiments led to cases of indigestion and death in lambs (Tufarelli et al., 2009) . Clean drinking water was available ad libitum. Pens were cleaned weekly. The BW of each lamb was recorded weekly before feeding at 0700 h. Feed conversion ratio was calculated as the ratio of BW gain to DMI. Feed refusals were collected daily, weighed, and individually bulked for analysis. Samples of daily refusals from each animal and feeds offered were dried at 105°C for 24 h to determine DMI. 3 Nonfi ber carbohydrates; NFC = 100 − (% NDF + % CP + % ether extract + % ash).
Digestibility Trial
Apparent nutrient digestibility of experimental diets used in the lamb trial was measured in metabolic cages equipped with separate feeders, an automatic watering trough, and a system for the separate collection of feces and urine. Three adult castrated Gentile di Puglia breed rams (65 ± 2.5 kg) were used. Each animal received the 3 pelleted TMR in different periods, without repeating any treatment within the same period. Each period consisted of 14 d of adaptation to diet in individual stalls with a concrete fl oor, 2 d of adaptation to fecal collection bags applied on bucks, and 5 d of feces collection (Givens et al., 2000) . After 7 d of each period, digestibility of the pelleted TMR was determined using a 3 × 3 change over design. Rams were fed twice daily, at 0700 and 1900 h. Offered diets and refusals were recorded daily, and composite samples, pooled on an individual animal basis at the end of each collection period, were dried at 105°C for 24 h to determine DMI. Another sample of the diet was ground in a hammer mill with a 1-mm screen size and stored until analysis. Feces were collected daily and weighed, and 20% of the total daily excretion was dried at 70°C for 48 h and pooled on an individual animal basis at the end of the collection period.
Carcass Data Collection
At the end of the feeding period (50 d), all lambs were weighed after 16 h feed deprivation and 5 lambs/ treatment were selected at random and slaughtered by exsanguination using conventional humane procedures (Sarvar et al., 2009) . After complete bleeding, the bodies were skinned, and external organs such as the head and skin were weighed. The carcasses were eviscerated, and the internal organs, including the heart, liver, kidneys, spleen, lungs, and digestive tract, were separated and weighed. Digestive contents were weighed after emptying the digestive tract. Empty BW was obtained by subtracting the weight of digestive contents from slaughter weight. The hot carcasses were weighed and chilled at 4°C for 24 h. Dressing percentages were calculated as a ratio of fasting weight and cold carcass weight. The cold carcasses were weighed and split into 2 symmetrical sides along the backbone. The right side of the carcass was cut into wholesale cuts (neck, shoulder, leg, steaks, brisket) and weighed separately. All cuts except tail fat were divided into the main tissue components (lean, bone, and dissectible fat), and the weight of each tissue was recorded. The eye muscle area was measured after cutting the left side of the carcass between the 12th and 13th ribs and tracing the cross-section area.
Chemical Analysis
Samples of PDEOC, TMR, and dry feces were ground in a hammer mill with a 1-mm screen and analyzed in triplicate for DM (method 945.15), ash (967.05), CP (Kjeldahl N × 6.25; method 990.03), ether extract (method 945.16), and starch (amyloglucosidase-α-amylase method; method 996.11) according to AOAC (2000) . An amylase-treated NDF (aNDF; using heatresistant α-amylase without sodium sulfi te), ADF, and lignin were analyzed according to Mertens (2002) , AOAC (2000; method 973.187), and Van Soest et al. (1991) , respectively, using the sequential procedure and the fi lter bag system (Ankom Technology, Macedon, NY). The aNDF and ADF fractions include residual ash. Nonfi ber carbohydrate (NFC) content was calculated by difference as NFC = 100 − (% NDF + % CP + % ether extract + % ash).
Statistical Analysis
Data were analyzed by ANOVA for a completely randomized design using the GLM procedure (SAS Inst. Inc., Cary, NC). Differences among treatment means for signifi cant dietary effects were detected using the LSD procedure. For data on nutrient apparent digestibility in rams, the following model was used: Y ij = μ + α i + e ij , where Y ij = experimental observations, μ = general mean, α i = effect of dietary treatment (i = 1, 2, 3), and e ij = error. The effect of initial BW of lambs as a linear covariate was excluded from the fi nal model because its effect was not signifi cant. Unless otherwise stated, signifi cance was considered at P < 0.05. Meat forage units, n/kg DM 0.10 1 Nonfi ber carbohydrates; NFC = 100 − (% NDF + % CP + % ether extract + % ash).
RESULTS AND DISCUSSION

Feed Intake and Growth Performance of Lambs
The chemical composition of PDEOC is shown in Table  2 . Olive by-products are rich in cell walls because the lignin content is high, especially in PDEOC. Although PDEOC is lignocellulosic material, clear differences in structural carbohydrates and CP may be observed. Information about the chemical composition of PDEOC is limited (Sadeghi et al., 2009 ) and has indicated an important variability in chemical composition (Molina-Alcaide and Nefzaoui, 1996) depending on factors such as the variety of olive tree, climatic conditions, year, and proportion of wood.
In our study, the laboratory analyses of PDEOC showed values similar to those previously obtained from the traditional olive presses (the 3-phase centrifugation extraction procedure; Molina-Alcaide and Yañez-Ruiz, 2008). The chemical compositions of different types of olive cake products are functions of the proportion of pulp to stone. The exhaustion by solvent extraction decreases its fat content and correspondingly increases its other contents. Fibrous components vary depending largely on the proportion of stones in the PDEOC. This study showed that factory by-product contained NDF and ADF levels of 68.3% and 53.1%, respectively, with comparable fi ndings reported by Sadeghi et al. (2009) .
The TMR containing different levels of olive byproducts provided a balanced diet that met or exceeded all the nutrient requirements of growing lambs according to NRC (2007) . During the trial, lambs were not observed to exhibit symptoms of acidosis or urinary calculi regardless of the dietary treatment (data not shown). Cases of mortality were ascribed to 1 lamb with respiratory diffi culties and another with chronic rectal prolapses. However, these cases of mortality were not found to be related to dietary treatment.
Initial BW of lambs was similar among dietary treatments (Table 3) . However, both levels of PDEOC resulted in lighter (P = 0.033) average fi nal BW in lambs (25.5 kg) compared with the control diet (26.3 kg). The difference in fi nal BW is refl ected in a greater trend (P = 0.052) in ADG in lambs fed the control diet during the trial. Molina-Alcaide and Yañez-Ruiz (2008) reported that depressed BW gain in lambs fed the pelleted olive cake rations can be explained by the low OM digestibility associated with pelleting due to the reduction in particle size, resulting in a decrease retention time in the rumen. In addition, found that when feeding a corn-based TMR diet to growing lambs, the inclusion of wheat by-products did not increase ADG, and similar effects were noted also in rations for fi nishing lambs (Al-Jassim et al., 1997; Owaimer et al., 2004) and dairy ewes . Other studies also confi rm that olive by-products can be an effective replacement in concentrate with no adverse effect on livestock performance compared with control diets Chiofalo et al., 2004; Sadeghi et al., 2009 ). The feed conversion ratio was greater (P = 0.037) for lambs in the PDEOC treatments. These results agree with other trials reporting that feed effi ciency is associated with greater BW gain (Waghorn and Barry, 1987) .
Feed intake was not affected among experimental groups (Table 3 ). The average intakes of DM and CP were not signifi cantly different in Gentile di Puglia lambs fed diets containing PDEOC (P > 0.05) compared with those fed the control TMR; however, a signifi cantly greater aNDF intake was reported in lambs fed both PDEOC diets (P = 0.041). These fi ndings regarding the fi ber fraction intake of lambs support the previous results of Owaimer et al. (2004) in growing and fattening lambs fed olive by-products as a replacement for wheat (Triticum spp.) straw. The same authors observed a linear increase in aNDF intake and feed effi ciency when conventional materials were replaced by olive by-products.
Digestibility Trial
The apparent nutrient digestibility coeffi cients of rams fed TMR are reported in Table 4 . Most of the information available on digestibility and intake of olive by-products concerns crude olive cake (Chiofalo et al., 2004) . In the present study, the digestibility of OM and CP and that of ether extract were not different between treatments. Our fi ndings agree with the results reported by Abbeddou et al. (2011) for fat-tailed Awassi sheep and Ben Salem and Znaidi (2008) for Barbarine lambs. Conversely, digestibility of DM (P = 0.041) and fi ber components (aNDF and ADF; P = 0.035 and P = 0.047, respectively) decreased in both diets containing PDEOC compared with the control dietary treatment. The present results are in agreement with Molina-Alcaide et al. Means within a row with no common superscript differ signifi cantly (P < 0.05).
1 PDEOC-0 = diet without PDEOC, PDEOC-10 = diet containing 10% PDEOC, and PDEOC-20 = diet containing 20% PDEOC.
(2003), who reported decreased digestibility of DM and fi ber digestibility in sheep and goats (Capra aegagrus hircus) fed olive by-products in rations. Further, previous trials have reported that feeding PDEOC to sheep and goats led to a decrease of fi ber component digestibility as the by-product level increased . The differences reported by our study could be attributed to differences in chemical composition among batches of PDEOC between trials, resulting in difference in digestibility or ruminal fermentation characteristics . The dissimilarity in results on feeding olive by-products may be partly attributable to the differences in the digestibility of the TMR when combinations of grain and forage (mainly oat) were fed along with PDEOC and to the variability in the nutrients in PDEOC used. In a recent study, Sadeghi et al. (2009) recognized a greater variation in nutrients in olive by-products than in conventional feed and suggested more vigorous feed testing when by-products are used to ensure that small ruminants are fed to satisfy nutrient requirements.
Carcass Traits
Lamb carcass characteristics and quality measurements are reported in Table 5 . The purpose of using alternative feed in livestock diets is to reduce the cost and improve, or at least not affect, carcass variables and meat traits. In the present study, using an alternative feed ingredient did not impact most of the carcass characteristics examined (P > 0.05). The effects of using PDEOC in the ration on slaughter weight and hot and cold carcass dressings are presented in Table 5 . Feeding olive by-product in the growing-fattening TMR diet had no signifi cant effect on slaughter weight (P = 0.051), whereas the cold dressing (on empty BW) was signifi cantly (P = 0.027) greater in the lambs that were fed with 20% PDEOC than the other dietary treatments. Including PDEOC in diet had no signifi cant effect on empty digestive tract or on the weight of offal parts (P > 0.05). These responses could potentially be the result of the increased energy use in the rations containing olive by-products.
In the current trial, signifi cant increases in right half-carcass weight and lean percentage (as a proportion of pelvic limb) of lambs fed PDEOC were observed (P = 0.019 and P = 0.042, respectively) when PDEOC was included at the level of 20% in TMR. The observed variation in these parameters of lambs fed 20% olive byproduct compared with the other treatments might be a result of the high trend (P > 0.05) in the gastrointestinal tract content as well as skin and offal parts due to the nature of the diet, which is rich in fi ber, thereby increasing the gut content (Jafari et al., 2011) . Moreover, the improved cold carcass dressing for the 20% PDEOC diet could suggest a better effi ciency of feed use for body growth. However, there are few reports on the effects of olive byproduct supplementation on lamb carcass cuts. Among these, Molina-Alcaide and Yañez-Ruiz (2008) reported lighter carcass cuts in animals fed by-product-based diets of different protein and energy levels, whereas Chiofalo et al. (2004) reported heavier BW in lambs fed on all Means within a row with no common superscript differ signifi cantly (P < 0.05).
1 PDEOC-0 = diet without PDEOC, PDEOC-10 = diet containing 10% PDEOC, and PDEOC-20 = diet containing 20% PDEOC. concentrate supplemented with different feed by-products. Furthermore, some differences between our fi ndings and the results of other researchers can be attributed to differences in animal breed, dietary ingredients, and diet form (Tufarelli et al., 2012) . The current study confi rms that PDEOC can be used in lamb TMR diets as no signifi cant reduction of productive performance was reported. Therefore, this olive by-product is a valuable alternative ingredient that because of its low price compared with conventional raw material, could lower overall feeding costs. The use of olive by-products as animal feed may become economically feasible for producers where the olive oil industry play an important economic role. Moreover, an opportunity to capture a share of the by-product feed market may exist for olive oil processors currently disposing of their olive waste.
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